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Renal tubular antigen excretion in normal human urine. I.
Immunochemical identification. A tissue antigen which is derived
from the cells of the renal tubular epithelium was isolated from
normal human urine (URTE). The URTE antigen is immuno-
logically identical with one of the membrane-bound proximal
renal tubular antigens and has an electrophoretic mobility in the
alpha-two globulin region. The URTE antigen is kidney-specific
and is localized selectively to the brush border of the proximal
renal tubules. This antigen could not be detected in serum by
immunoprecipitation.
Excretion d'un antigéne renal d'origine tubnlaire dans l'urine
humaine normale. I. Identification immunochimique. Un antigène
tissulaire tirant son origine de l'épithelium des tubules rénaux
a été isolé de l'urine humaine normale. L'antigéne urinaire a une
identité immunologique avec un des antigénes rénaux liée aux
membranes plasmiques de l'épithélium tubulaire et il posséde
une mobilité éléctrophorétique dans la region des alpha-deux
globulines. L'uroprotéine tubulaire est un antigénc spécifique
des reins et se situe uniquement sur les bordures a brosse des
tubules rénaux proximals. Cet antigéne n'a pas été decelé dans
le serum par immunoprécipitation.
Normal human urine is known to contain a number of
antigenic constituents which cannot be detected in normal
serum. Grant [1] has previously demonstrated the presence
of 12 such antigens in human urine and these appeared to
originate in the genitourinary tract. Except for the muco-
protein isolated by Tamm and Horsfall [2], originating in
the loops of Henle and distal tubules [3, 4], and the gb-
merular basement membrane-like antigens described by
McPhaul and Dixon [5], the precise origin of these urinary
antigens remains unknown.
This article describes the isolation and immunochemical
identification of a tissue antigen in normal human urine
which appears to originate from the brush border of the
proximal renal tubular epithelium (URTE). By immuno-
histochemical studies the distribution of the URTE antigen
was found to be restricted to the kidneys.
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Methods
Isolation of renal tubular epithelial antigen from urine
(UR TE). Normal urine was collected from laboratory
personnel and kept at 4° C, using 0.05 % sodium azide as a
preservative. Six liter pools were dialyzed against deionized
water with daily changes for five days, centrifuged at
4,000 G for 30 mm, and concentrated 100-fold in a Diaflo
concentrator with a PM-b membrane (molecular exclusion
limit of 10,000) at 4° C. The concentrated urine was dialyzed
against 0.085 NJ potassium phosphate, pH 7.3, and applied
to a 2.5 x 20 cm column of diethylaminoethyl (DEAE)
cellulose which had been equilibrated with the same starting
buffer. The column was first washed with starting buffer
and then with 0.3 NI NaCI in 0.1 M potassium phosphate,
pH 7.3. The peak thus eluted was pooled, concentrated,
dialyzed against 0.1 M disodium monopotassium phosphate
buffer, pH 7.3, 0.05 % sodium azide and applied to a
5 x 90 cm column of Biogel P-iSO equilibrated with the
same buffer. The first peak was pooled, concentrated and
applied to a 2.5 x 88 cm column of Biogel P-300 and eluted
with the same buffer. All fractionation was performed at
4°C.
Disc electrophoresis. Polyacrylamide disc gel electro-
phoresis was carried out by the methods described in
Davis [6] using 5 % polyacrylamide resolving gel. The gels
were fixed and stained for protein with Coomassie Blue
following Maizel's procedure [7].
Preparation of human glomeralar basement membrane
(HGBM). Renal cortices were dissected from whole
human kidneys and pushed through a 115 mesh stainless
steel sieve with 0.15 M phosphate buffered saline (PBS),
pH 7.3. The mash was centrifuged at 400G for 5 mm to
separate gbomeruli from tubules. The supernatant was
decanted and the process repeated until the sediment
contained less than 1 % tubules by light microscopic exam-
ination. This sediment was sonicated until cell-free,
centrifuged at 400 G for 15 mi lyophilized and stored at
—20° C.
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Preparation of sheep antiserum to HGBM (SAHGBM).
Sheep were immunized by intradermal injection at multiple
sites with an emulsion containing 5 ml incomplete Freund's
adjuvant, 5 ml of saline, 36 mg HGBM and 20 mg Myco-
bacteria butyricum at two week intervals. One antiserum
reacted against both HGBM and renal tubular epithelial
antigen and was used to identify the latter antigen during
the isolation procedures.
Immunologic identification of URTE. URTE antigen was
assayed during isolation by immunodiffusion and immuno-
electrophoresis. Immunodiffusion was performed in 1 %
agarose in veronal buffer, pH 8.6, ionic strength 0.1, 0.01 M
EDTA, 0.01 % sodium azide. For immunoelectrophoresis
1 % lonagar in veronal buffer, pH 8.2, ionic strength 0.04,
0.05 % sodium azide was used. The precipitin reactions were
allowed to develop for three to six days.
Preparation of rabbit antiserum to URTE (Anti-URTE).
Twenty-nine micrograms of protein, which had eluted in
the first peak from a Biogel P-300 column, were incorporat-
ed into each of 12 sample gels of analytical 5 % polyacryl-
amide columns. After one hour of electrophoresis at
5 mA/gel, the sample gels, which contained most of the
applied protein, were separated at the stacking gel interface.
These were pooled, homogenized in PBS, pH 7.3, and
emulsified in an equal volume of complete Freund's adjuvant
containing 2 mg/ml of M. butyricum. A volume of emulsion
equivalent to three to four sample gels was injected into
the hind foot pads of female White New Zealand rabbits.
Subcutaneous injections of the same composition were
repeated at two week intervals for eight weeks and the
rabbits were bled one week after the last immunization.
The IgG fraction of a pool of antiserum was prepared by
precipitation at 50% saturated ammonium sulfate followed
by elution from DEAE-cellulose in 0.0175 M phosphate
buffer, pH 6.5 [8].
Preparation of tubular antigens from kidney. Tubular
antigens were prepared from normal human kidneys by
pressing the renal cortices through a 115 mesh stainless
steel sieve using PBS, pH 7.3. The glomeruli collected on a
200 mesh sieve were used for preparing HGBM. The tubular
elements were collected in the pan beneath the second sieve
and centrifuged at 400 G for 15 mm. The supernate was
then centrifuged at 70,000 ci for 60 mm and the supernate,
representing the saline soluble constituents, was saved. The
sediment was washed three times with normal saline and
twice with distilled water, centrifuging each time at 70,000 ci
for 60 mm and lyophilized.
This preparation is designated FxIA. Solubilization of
FxIA in sodium desoxycholate was done according to the
method of Edgington et al [9] and the preparation thus
obtained is designated KRTE.
Rabbit antisera to human kidney FxIA, designated anti-
KRTE, were kindly supplied by Dr. Thomas Edgington,
Scripps Clinic and Research Foundation, La Jolla, Cali-
fornia.
Other reagents. Rabbit antihuman uromucoid was ob-
tained from Behringwerke, Hoechst Corp., Woodbury,
New York. Tamm-Horsfall mucoprotein was prepared
from pooled normal human urine according to the method
described by these authors [2].
Fluorescein conjugated antibodies. The IgG fractions of
sheep antiserum to rabbit IgG (SARIgG) and of rabbit
anti-URTE serum were conjugated with fluorescein iso-
thiocyanate by the dialysis method of Clark and Shepard
[10]. Nonspecific staining was removed by absorption with
acetone precipitated sheep liver powder.
Immunofluorescent staining methods. Tissues from various
species were snap frozen in isopentane precooled with
liquid nitrogen and stored at —50° C. Fetal human tissues,
obtained at 14 to 18 weeks of gestation, and adult tissues
were also embedded in paraffin according to the method of
Sainte-Marie [11]. Sections of snap-frozen and paraff in-
embedded tissues were studied both by direct staining as
described by Coons and Kaplan [12], and by the indirect
technique of Coons et al [13]. Controls included PBS,
nonimmune rabbit sera, and anti-URTE absorbed with
either 5.0 mg FxIA, 5.0 mg HGBM or with 2 mg Tamm-
Horsfall mucoprotein/mg IgG. The absorptions were per-
formed with constant stirring for one hour at room temper-
ature and overnight at 4° C, followed by centrifugation at
27,000 ci, 4° C for one hour.
Protein determinations. Protein was measured by the
method of Lowry et al [14] using human albumin as
standard. Protein concentration in the eluate fractions was
estimated by absorbance at 280 nm.
Results
Isolation of a renal tubular epithelial antigen from normal
human urine (URTE). Stepwise elution of concentrated
urine from DEAE cellulose yielded two protein fractions
(Fig. 1). When the URTE antigen which eluted in the second
fraction was applied to a Biogel P-ISO column, it was
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Fig. 1. Ion exchange fractionation of concentrated normal human
urine on DEAE cellulose. The fractions containing URTE pro-
teins, shown by the horizontal black bar, elute with 0.3 si NaCl.
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Fig. 2. Molecular exclusion chromatography on Biogel P—300
of URTE preparation from Biogel P—150. URTE present in the
first peak (black bar) was pooled and concentrated.
recovered in both the first and second peaks. By immuno-
diffusion analysis the URTE antigen in those two peaks
were immunologically identical. For purification purposes
the material from the first peak was chromatogrammed on
Biogel P-300 and used in subsequent immunochemical
Fig. 4A—D. Immunodiffusion analysis of preparations URTE (U),
KRTE (K) and human serum precipitated by 50% ammonium
sulfate (S) 270 mg/mI with anti URTE (aU), antiKRTE (aK) and
antiURTE absorbed with human FxI,4 (au) antisera.
Fig. 3. Acrylamide disc electrophoresis of URTE preparation from
Biogel P—300 stained with Coomassie Blue. The sample gel and
two distinct bands in the upper third of the resolving gel are
stained.
studies (Fig. 2). Acrylamide disc electrophoresis of this
preparation showed two protein bands in the upper third of
the resolving gel but most of the applied protein remained
in the sample gel (Fig. 3).
Immunochemical studies. Previous studies have shown that
solubilization of rat FxIA in sodium desoxycholate released
three antigens specific for the renal tubular epithelium
[9, 15]. Treatment of human Fx1A with sodium desoxy-
cholate also released three RTE antigens, two giving strong
precipitation bands against antihuman KRTE antiserum
and a third band which was too weak to be photographed
well (Fig. 4A). The anti-KRTE antiserum recognized only
one antigen in the preparation of URTE and this was
immunologically identical with one of the KRTE antigens.
A common antigen in the preparations of KRTE and URTE
was also demonstrated with the anti-URTE antiserum
(Fig. 4B). Fig. 4C illustrates that both anti-URTE and
anti-KRTE antisera recognize an immunologically identical
antigen in the preparations of URTE and KRTE. A second
antigen recognized by the anti-URTE antiserum in the
URTE preparation was a serum protein (Fig. 4B, C, D).
In order to demonstrate this protein by immunoprecipi-
tation, it was necessary to use a fraction obtained by
precipitation of serum with 50% saturated ammonium
sulfate. Absorption of the anti-URTE antiserum with
1.
Fraction number
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Fig. 5. Immunoelectrophoretic analysis of URTE (U) and KRTE
(K) preparations with antiURTE (aU) serum.
FxTA removed the antibodies to the RTE antigen, but not
to the serum protein (Fig. 4D).
Immunoelectrophoretic analysis of the URTE preparation
indicated that the tubular antigen migrates in the alpha
two globulin region with a mobility similar to the KRTE
antigen (Fig. 5).
Immunohistochemical Studies. Specific fluorescence with
anti-URTE serum was limited to the proximal segment of
the renal tubule. Glomeruli, loops of Henle, distal tubules,
collecting tubules, and blood vessels did not stain (Fig. 6).
The most intense staining occurred in the region of the
brush border (Fig. 7). Some discreet granular staining was
also seen within the cytoplasm but this was considered to
be nonspecific since it was also found with normal rabbit
serum. In addition, the cytoplasmic fluorescence persisted
after the anti-URTE was absorbed with kidney FxIA, a
procedure which removed all the brush border staining.
Absorption of anti-URTE with Tamm-Horsf all muco-
protein or with intact HGBM did not alter either the brush
border or the cytoplasmic staining. Antiuromucoid stained
the epithelium of Henle's loop but not the brush border of
the proximal tubules.
The organ-specificity of the anti-URTE serum was
examined by both direct and indirect immunofluorescence
Fig. 6. Immunofluorescent demonstration of antiURTE antibody
localization to the proximal segment of the renal tubule. Human
fetal kidney embedded in paraffin. (x 125)
Fig. 7. Immunofluorescent demonstration of antiURTE antibody
fixation to the brush border of the proximal tubular epithelium.
Same section as in Fig. 6. (x 640).
against adult and fetal kidney, adult ureter, bladder, pros-
tate, seminal vesicle, testis, epididymis, urethra and tissue
from 12 other human fetal organs. Specific staining was
found only along the brush border of the proximal tubular
epithelium of fetal and adult kidneys. Identical results were
obtained by direct and indirect immunofluorescence against
both frozen and paraffin embedded sections. Fluorescence
was also seen in the mucous layer of gastric mucosa, apical
cytoplasm of gastric mucous cells, goblet cell of the in-
testinal tract, striated muscle, smooth muscle and skin.
These latter reactions could not be blocked by absorbing
the antiserum with kidney FxIA or by heating at 56° C for
30 mm, but were partially blocked by preincubation of the
sections with normal rabbit IgG. Similar fluorescent staining
was found with nonimmunized rabbit sera.
Species specificity of the anti-URTE serum was tested by
direct immunofluorescence against kidney tissue from man,
monkey, sheep, dog, cat, rabbit, rat, mouse and guinea pig.
Strongly positive immunofluorescent reactions with proxi-
mal renal tubular epithelial brush border were observed
only with human and monkey kidney.
Discussion
This study indicates that normal human urine contains
a tissue antigen which originates from the proximal ne-
phron. Immunoprecipitation studies showed that the
urinary renal tubular epithelial antigen (URTE) is immuno-
logically identical with one of three membrane-bound tubu-
lar epithelial antigens which are released from a saline in-
soluble renal extract by treatment with sodium desoxy-
cholate (KRTE). The URTE and KRTE antigens also
showed similar electrophoretic mobilities in the alpha-two
globulin region.
The organ distribution of the URTE antigen, studied by
immunofluorescence with rabbit antiURTE serum, was
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restricted to the kidney and selectively localized to the brush
border of cells of the proximal convoluted tubule. This
segment of the nephron has been shown to contain renal-
specific antigens in man [16, 17], rats [9, 15] and other
species [18]. The association of the proximal tubular brush
border with alkaline phosphatase [19, 20], ATPase [19], and
aminopeptidase [20] suggests that the URTE antigen might
play a functional role in the proximal nephron.
The route by which the URTE antigen reaches the urine
is not known. URTE antigen could not be demonstrated
in plasma by immunoprecipitation, but its concentration
might be too low to permit detection by this method. RTE
antigens of the rat, shown to be present in the vascular
compartment, also are not detectable by precipitation tech-
niques [211. Furthermore, Greene et al [22] have shown that
normal human urine contains a variety of nongenitourinary
tissue antigens which they could not detect in plasma. The
authors had to assume that nongenitourinary tissue anti-
gens were released in trace quantities into the circulation
and were then excreted by the kidneys. On the other hand,
genitourinary antigens, like Tamm-Horsfall mucoprotein
which originates in the loops of Henle [3, 4] and has not
been found in plasma [23], could possibly be released
directly into the urine. Whether the URTE antigen is first
released into the circulation and then filtered by the gb-
meruli or is directly released into the urinary tract remains
to be established.
Altered urinary excretion of tissue antigens have been
described in experimental animals and man. Hawkins and
Cochrane [24] found that acute nephrotoxic glomerubo-
nephritis in rabbits results in the release of unique glomer-
ular basement membrane antigens into the urine. Increased
urinary excretion of kidney-specific antigens occurred in
rats with a variety of toxic nephropathies [25] and experi-
mental glomerulonephritis [26]. Pathological human urines
were studied by Antoine and Neveu [27] by immunoprecip-
itation using an antiserum to a water soluble kidney
extract that was not organ specific. They reported the
presence of tissue antigens in the urine of patients with
acute glomerubonephritis, acute tubular necrosis, hypo-
kalemic nephropathy, renal allografts and liver disease. In
view of the preceding findings, quantification of the RTE
antigen in human urine could be of clinical significance in
disorders affecting the structure and function of the proxi-
mal nephron.
Experimental autologous immune complex (Heymann)
nephritis in rats is induced by immunization with one of the
membrane bound RTE-specific antigens [15, 21]. The URTE
antigen is also nephritogenic in rats and is capable of in-
ducing an autologous immune complex nephritis (un-
published observations of the authors). The resultant chro-
nic membranous glomerulonephritis exhibits striking simi-
larities to certain forms of nephrotic syndrome in man [28].
Consideration should be given to the possible pathogenetic
role of RTE-specific antigen(s) in certain forms of human
glomerulonephritis.
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